Based on the dielectric constant distinction between frozen and unfrozen soils, Ground Penetrating Radar(GPR) were widely used on frozen soils detection. However, the study of frozen soils dielectric constant was focused on the natural permafrost at land surface, and there were no current research achievement about deep frozen soils dielectric constant. Traditional methods such as Common Middle Point (CMP) and Common Depth Point (CDP) could not be used to measure the dielectric constants of deep frozen soils because of the complexity of underground engineering so that we applied laboratory tests to the Dielectric constants of several typical mine soil samples at 0.1~1GHz, -30~25℃, and different water content by using Vector Network Analyzer (VNA), and established the empirical formula. The research findings could be applied to ground penetrating radar detection, electromagnetic wave tomography etc., and used in quantitative inversion of frozen soil temperature field and safety evaluation of frozen soil engineering.
Introduction
Artificial freezing is the main method to pass deep alluvium or fracture rock at present, and widely used in stratum reinforcement, such as subway by-pass, deep excavation, shield access sections et al. More than 50 deep alluvium shafts have been built in China since 2000, among them the Guotun mine with the frozen alluvium depth of 587.5m was the deepest frozen alluvium of the world.
However, accidents such as the freezing pipe breaking and supporting structure fracturing occurred sometimes [1] in artificial freezing engineering. Therefore, it was necessary to find a highly efficient, high-precision nondestructive testing method in freezing wall monitoring. Based on distinct difference of dielectric constant between frozen and unfrozen soils, ground penetrating radar (GPR) method was widely used in shallow geological survey, such as polar regions and permafrost regions explorations [2] [3] [4] [5] . Dielectric constant studies were the basement of remote sensing and electromagnetic exploration etc. Series of empirical formulas such as Dobson formula [6] and Zhang model [7] were established by coaxial reflection test in laboratory and TDR method in situ etc. The studies of rock dielectric constant were carried out in well-logging besides. Tang Lian, Xie Ran-hong studied the phenomenon of rock dielectric dispersion on different frequency bands and obtained the relationship among rock dielectric constant, porosity, water saturation, salinity [8, 9] . Luo Binhong measured the dielectric constant of the carbonate rock by open-end line test system [10] etc. Based on the studies of natural frozen soils, GPR exploration were carried out in several artificial freezing engineering, such as Geting, Jixi and Zhaolou mines etc. The GPR profile characteristics of the frozen wall at different stages were attained by FDTD simulation and field measurement [11] . However, the study of frozen soils dielectric constant was focused on the natural permafrost on land surface, and no study has been done on deep frozen soils dielectric constant which constrained the precision of GPR exploration. Because of the complexity of underground engineering, traditional methods such as Common Middle Point (CMP) and Common Depth Point (CDP) could not be used to measure the dielectric constant of deep frozen soils, so laboratory tests were prompted.
The clay soil samples were collected from Longgu mine at -526 m depth. We measured the dielectric constants by using Vector Network Analyzer (VNA) with coaxial probe method under different water content between 25~ -30℃, in 0.1~1GHz frequency band and established the empirical formulas of dielectric constant. The result could be applied to ground penetrating radar detection, electromagnetic wave CT etc. and used in quantitative inversion of freezing soil temperature field and safety evaluation of freezing soil engineering.
Planning and implement of experiment
Soil samples were disposed of through oven drying, milling and sieving, and prepared with 4 levels mass water content as 14.4%, 30.27%, 41.00% and 63.72% in consideration of the notable influence of water content on frostheaving and thawing-settlement.
Thermostat was used to control soil samples temperature with 8 levels from room temperature to -30℃. The dielectric constant was measured 30 minutes after temperature stabilization in order to ensure the repeatability of data.
A vector network analyzer E8362B (0.1~20GHz frequency sweeping) and 85070E dielectric probe kit were used in DC measuring. Coaxial probe technique was used in dielectric constant measurement. The dielectric constant of Longgu clay soil at 0.1~1.0GHz frequency band were analyzed in this paper. ε becomes weaker as temperature decreasing.
Analysis of data measured

Relationship between dielectric constant and frequency
The dispersion of ' ε is mainly caused by water contented in soil because the dielectric constants of soil granule, air and ice are constant at 0.1~1.0GHz frequency band [7] , After freezing, water contented will be transferred into ice continuously, which leads to weaker dispersion as temperature decreasing.
Relationship between dielectric constant and mass water content
The relationship between ' ε and mass water content (W) is showed in Fig. 2 . Before freezing (T=24.5℃), the mass water content has most important influence on ' ε , and when T and f are fixed, the real part of dielectric constant( ' ε ) increases with W rising. It is well known that ' ε of water, ice, soil are about 80, 3.15, and 4~8 respectively. Before freezing, the higher W the soil sample is, the bigger ' ε would be measured. After freezing, water in soil will be transferred into ice successively. Because ' ε of ice is far less than water, and less than soil granule too, the dielectric constant decreases obviously when W >30.27% after freezing.
Relationship Between Dielectric Constant(real) and Temperature
The relationship between ' ε and T is showed in Fig.3 . At freezing point, ' ε changes abruptly, and the more water contented, the higher variation value would be measured. At given W and f, before freezing, '
ε changes slowly with rising T; After freezing, '
ε gradually increases with rising T. 
Dielectric constants dispersion formula of deep freezing clay soil
Through regression analysis, a function of ' ε could be established as following:
Where, ' ε is the real part of dielectric constant, f is frequency (GHz), 0 ' ε , A, f 0 are coefficients decided by mass water content, temperature and density. The mass water content is the main influencing factor. Coefficients of formula (1) are showed in Tab. 2.
From Tab. 1 we know that 0 ' ε , A, f 0 drop too as temperature dropping, and ' ε changes abruptly at freezing point. 
Conclusions and discussions
From the measurement and analyzes of Longgu deep clay soil's dielectric constant, we can conclude: 1) Longgu clay soil takes on a characteristic of frequency dispersion at measured temperature level, and the dielectric constant ( ' ε ) decreases as frequency (f) rising. When f is greater than 0.5GHz and less than 1.0GHz, ' ε changes little.
2) Mass water content has most important influence on dielectric constant before freezing (T=24.5℃). After freezing (T=-30.0℃), the variation of dielectric constant is more complex, when T and f are fixed, dielectric constant ( ' ε ) increase at first, then decrease as W rising.
3) Dielectric constant of freezing soil is largely decided by freezing process, and changes abruptly at freezing point. The more water contented, the higher variation value would be measured.
4) The ' ε regression function of Longgu clay soil was established, which could reveal the dispersion characteristics according to the regression the analysis of the dielectric constants.
Suggestions: 522 1) Frost heaving and thawing settlement change the contact state between probes and soil samples, which might lead to a great deviation. Because lab testing conditions are different from field conditions, it is necessary to carry out measurement in-situ in future studies.
2) The research findings could be applied to ground penetrating radar detection, electromagnetic wave tomography etc., and used in quantitative inversion of freezing soil temperature field and safety evaluation of freezing soil engineering.
